Background: D-dimer (DD) levels have been reported as a sensitive but non-specific indicator for deep vein thrombosis (DVT) and pulmonary embolism (PE). Few reports have examined perioperative DD levels in musculoskeletal tumor.
INTRODUCTION
Activation of coagulation and fibrinolysis is known to be associated with various clinical conditions including malignancy, trauma, surgery and inflammatory disease [1] [2] [3] [4] . As such activation results in deep vein thrombosis (DVT) and pulmonary embolism (PE), comprehension of activation status is critical to managing patients with hypercoagulopathy.
D-dimer (DD) is a degradation product of cross-linked fibrin blood clots and reflects fibrin concentration. DD levels are increased in patients with enhanced fibrin formation and have been reported as sensitive indicators for DVT/PE [1, [3] [4] [5] . Orthopaedic surgery itself involves major risks for hypercoagulopathy [1, 6, 7] . In addition, preoperative plasma DD level correlates with tumor stage and prognosis for patients with malignancy [8] [9] [10] [11] [12] .
Despite the potential clinical significance, few reports have examined DD levels in patients with musculoskeletal tumor. The primary goal of this study was to interpret the basic movement of perioperative DD levels in musculoskeletal tumor patients. In terms of heterogeneity between patients, DD levels might reveal heterogeneity under diverse clinical conditions such as age, tumor origin, location, malignancy or application of prosthesis. The second purpose of this study was thus to analyze the effects of diverse clinical conditions on DD levels in musculoskeletal tumor patients. In addition, clinical data of DVT/PE cases in the present study was disclosed.
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MATERIALS AND METHODS
Subjects comprised 77 consecutive patients (32 men, 45 women) who underwent oncological resection of musculoskeletal tumor between May 2006 and September 2007. Patients were excluded if the presence of any of the following was identified: pre-existing hypercoagulopathy; recent anticoagulant therapy including prophylaxis of thromboembolic complications during the test period; trauma; inflammatory diseases; and other major surgery. Mean patient age was 45.0 years (range, 11-83 years). Underlying pathology was bone tumor in 32 cases and soft tissue tumor in 45 cases. Tumor location was the lower extremity in 44 cases, the trunk in 22 cases and the upper extremity in 11 cases. For prevention of DVT after surgery, elastic stockings and intermittent pneumatic compression were applied. DD levels were measured using a latex agglutination assay (STA Liatest ® D-Di performed on the STA-R ® coagulation analyzer; Roche Diagnostics AG, Rotkreuz, Switzerland). Based on the sensitivity of this assay, DD levels < 0.20 μg/ml were considered as 0.20 μg/ml. DD levels were assessed preoperatively and on postoperative days 1 and 7. The impact of diverse clinical conditions including age, tumor origin, site, malignancy and prosthetic reconstruction on DD levels was analyzed. Multidirector-row computed tomography (MD-CT) was indicated for the detection of DVT/PE for cases with DD levels > 10.0 μg/ml in the postoperative period. Clinical profiles of DVT/PE patients were assessed retrospectively. For statistical analysis, Mann-Whitney U-tests, Kruskal Wallis tests, Wilcoxon matched-pair signedrank tests, Spearman rank correlation and 2 tests were used. Values of p < 0.05 were considered statistically significant.
RESULTS
To analyze pre-existing background bias in samples for this study, correlations between each clinicopathological fac-
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The Open Orthopaedics Journal, 2008, Volume 2 131 tor (age, tumor origin, site and malignancy) were examined. Patients with malignant tumor were significantly older than patients with benign tumor (p=0.03, Mann-Whitney U-tests), but no other significant correlations were identified ( 2 tests).
DD levels at each evaluation time point are summarized in Table 1 . Mean preoperative DD level for all subjects was 0.84 μg/ml. Compared to preoperative DD levels, DD levels were significantly elevated on both day 1 (p < 0.001, Wilcoxon matched-pair signed-rank test) and day 7 (p=0.008). Significant correlations were confirmed between preoperative DD and postoperative DD levels on day 1 (p < 0.001, Spearman rank correlation) and day 7 (p < 0.001).
Significant positive correlations between age and DD levels at each time point were confirmed (preoperative DD, p = 0.0005; postoperative DD on day 1, p = 0.046; postoperative DD on day 7, p=0.01, Spearman rank correlation). DD levels at each time point did not differ according to tumor origin (Mann-Whitney U-test). Although DD levels tended to be elevated for trunk or lower extremity cases compared to upper extremity cases, differences were not significant (Kruskal Wallis test). Preoperative DD levels were significantly higher for malignant tumor than for benign tumor (p < 0.001, MannWhitney U-test). Postoperative DD levels on day 1 (p < 0.001) and day 7 (p < 0.001) were also significantly higher with malignant tumor than with benign tumor. DD levels of patients with prosthetic reconstruction were significantly higher than those without prosthetic reconstruction at each evaluation time point. Due to the limited application of prosthetic reconstruction for malignant bone tumor cases, subclass analysis was performed on the malignant bone tumor group, showing a significant difference in DD level on postoperative day 7 (p=0.02, Mann-Whitney U-test).
DD levels > 10.0 μg/ml were detected in 5 cases postoperatively, and MD-CT was performed for these patients to detect DVT/PE. DVT was detected in 4 of 5 cases. Furthermore, PE was detected in 3 of these 4 cases with DVT. All 4 cases with DVT/PE were silent, and all 4 patients were women. Mean age of the 4 patients with DVT/PE was 65 years (range, 58-79 years). All cases involved malignant tumor (synovial sarcoma in the abdominal muscle, low-grade fibromyxoid sarcoma in the perineal region, undifferentiated high-grade pleomorphic sarcoma in the calf and osteosarcoma in the femur). For all cases, wide resection was performed. For the osteosarcoma case, prosthetic reconstruction was performed. DVT/PE was successfully controlled using heparin and inferior vena cava filter insertion.
DISCUSSION
To date, measurement of DD has gained a prominent role as a rapid, simple, non-invasive and inexpensive test for ruling out DVT [1, 5, 13] . DD assays are, however, known to show positive results in the presence of common conditions including cancer, surgery, inflammatory disease and trauma [6, 10, [14] [15] [16] [17] [18] [19] . Recent reports have re-confirmed several common properties in the clinical application of DD: variations in baseline levels under different conditions; non-specificity as a marker for DVT/PE; and controversial aspects in the establishment of cut-off values. A recent meta-analysis found that assay sensitivity and negative predictive value were frequently <90% and concluded that general use of DD assays as a standalone test for the diagnosis of DVT was not warranted [20] . Another meta-analysis reported that the significance of DD levels in the diagnosis of DVT was the cost-effectiveness when used as a part of algorithms combined with Wells score and ultrasound tests [21] . Malignancy [16] , chemotherapy [22] , reconstruction by prosthesis, reconstruction by plastic surgery, lower extremity predilection, tourniquet application, long-term bed rest and stay in a chronic care facility all represent potential properties of musculoskeletal tumor patients that may lead to abnormalities of coagulation and fibrinolytic activation. Accordingly, patients with musculoskeletal tumor are at increased risk for DVT/PE. To date, however, few studies have examined DD levels in bone and soft tissue tumors [14, 22, 23] . The present investigation represents the first systemic study to describe perioperative DD levels in patients with musculoskeletal tumor. In accordance with previous studies on surgery for other conditions, the present study showed an impact of oncological resection of musculoskeletal tumor on postoperative DD levels.
Heterogeneity in patient characteristics might be marked as a striking limitation in analyzing DD levels in musculoskeletal tumor. Diversity in age [12] , resection and reconstruction procedures [3, 24, 25] , tumor location [25] and malignancy [9] [10] [11] [12] 18 ] may influence DD levels and incidence of DVT/PE. The present study tried to analyze the impact of several clinicopathological factors on DD levels. As expected, malignancy, age and prosthesis reconstruction proved to have some impact on DD levels, suggesting heterogeneous conditions in DD levels of musculoskeletal tumor patients.
An avoidable limitation of the present study was the retrospective design. The present study used DD levels < 10.0 μg/ml as a negative predictor of DVT/PE according to the standard for joint surgery in our institute. Nevertheless, judging from possible differences in condition of the coagulation system between conventional joint disease and musculoskeletal tumor, cut-off values of DD as a predictive value might be reorganized for musculoskeletal tumor patients. Accordingly, prospective regimens regarding detection of DVT/PE using conventional imaging techniques should be considered.
In summary, we retrospectively described perioperative DD levels in 77 consecutive patients with musculoskeletal tumor. Significant activation of the coagulation system under malignant conditions or by surgical procedures in musculoskeletal tumor patients was suggested. Prospective investigation should be considered to determine prevalence rates, cutoff values and time course for DD levels in association with DVT/PE.
